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@ ^Portable radio apparatus of foldable type. 



@ A portable radio apparatus - having a casing ; 
thereof keeps a matching state of an antenna 
(20) thereof in the call waiting state and in the 
operating state of the apparatus. The casing is 
foldable and expandable and comprises an up- 
per casing part (10) and a lower casing part (40). 
The upper casing part accommodates a trans- 
mitting and receiving circuit (11) connected via 
a variable matching circuit (12) to the antenna. 
The matching circuit is connected to a sensor 
(13a) disposed in the casing for sensing the 
folded state thereof. Depending on a result of 
the sensing operation of the sensor, the match- 
ing circuit changes the matching state by 
~ means of a switch (13)7 ^ ^ * 
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BACKGROUND OF THE INVENTION \ 

The present invention relates to a portable radio 
" apparatus, and in particular, to a portable radio appa- 
' ratus which can be folded. 1 1 

Description of fhe Related Art 

Heretofore, as a portable and foldable telephone, 
there has been Known a portable telephone constitute 
ed With a firet casing including an earpiece speaker 
and a second Rising including a'mouthpiece micro- 
ptfdhe in which this first casing' is linked With Jhe sec- 
' oWd casing by a hinge,' thereby enabling the telephone 
to be folded and, to be. unfolded for use. ' 

In general, the portable telephone sets are oper- 
' a ted with radio frequencies ranging from several hun- 
dred of megahertz to several gigahertz. For each port- 
able telephone, the 1 w^vel.en^^ oif^.r^dip vyave used 
is set' to a value similar to a length of a longer side of 
" a ^ casing thereof _ ' ^ ^ . t ' , v t( 
, K f ' As foir an antenna, in general, when a grourKling 
plafe thereof sujaporting^ pain ppitton thereof bas a 
large area, characteristics ofthe antenna 'are not sub- 
stantially influenced : by a shape of\the grounding 
plate. However, when^e 'size pf the plate becomes 
' similar to the wavelength of radip.wave used for trans- 
mission and reception, the.charactecisti^s ar^consid^ 
erably influenced by the .^ntour : ^er^pf/Apoo|]clJng to 
'.usual designs of \a pjortable telephone, the casing 
thereof also functions as .the gjoundfrjg: plate and 
hence the characteristics pf the. antenna are remark- 
ably influenced by tlje shajae of thie^tjeleptj^np casing. 
In consequence}* the matching of the.antenn^ with re- 
spect to the transmission and reception is established 
in accordance with the final cpntour of the^pasiqg of 

the portable telephone. if v ^ Y t 

; As above, the i final ? <intoiirof the'casing^exerts a 
great influence uppn the] matchipg p^ in 
operatiorv In tfijs cpnnectto^^ of , 

the pprta ble and foldable telephone considerably va- 
ries between, the unfpide^d^and fojded ^tates iwith v re- 
spect to the.a^ more detail, 

the longitudinalsize ofthe casing jnthe unfolded state 
is about twice thai of the cpsjng jn the; folded state. 

' However, in accbrda^cew^h.the designs ..of the 
conventional portable red jj), apparatus, the matching 
of the antenna is to b^es^bjjsh^ opfy when the cas- 
jnp is unfolded with transrpittijig and receiving circuits. 
Thjjs.roW^^ a probiemjthat^he fcdded C: 

tejephbhe .^n a pal] waiting st^te cannotpbtain the in- 
herent effective receiving sensitiyity. 1 
. On the^pfber hand^when the* antenna matching is 
established t6e, apparatus is in the folded state, 
fhere arises'a' probj^my-afthough the,effsctive> receiv- 
ing ysensitjvity ^ ,in„tbe [q$l\ tyfutirig state, 
inat the effective receiving sensitivity ar^d tb§ effort ive 
transmitting radiation .Poyver are decreasecjjin Jhe op- 
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erating, i.e., unfolded state. v 
.. . In accordance with the present invention, there is 
provided a portable radio^apparatus having a foldable 
casing accommodating therein a .radio circuit and an 

5 antenna comprising variable rriatching means for es- 
tablishing a matchir^ between the , radio ^circuit and 
.the antenna, and sensing means for sensing a folded 
state of the casing, the variable matching means al- 
tering a matching state between the racjio circuit and 

10 the antenna^dspending on the^sensing result ofthe 
sensing means. (r , 

r ( Ig. a, preferred embodiment of the portable radio 
apparatus, the casing includes an upper, casing, a 
lower casing, and a hinge rotatably linking the upper 

is pasing with the? lowercasing, whereby, ; the casing is 
foldable and unfoldable. t 
, ; Fjurthe^pre, the sensing means preferably com- 
prises ^witching means disposed in either one ofthe 
upper and lower pasings, the switching means being 

20 depressed, when the casing is folded, by the surface 
of the other of the. upper or lower casings, thereby al- 
tering the connection state of an electric path of the 
variable matching means. 

. f , Moreover, the antpnna can beaccommodated in 
the casing, apd the , variable, matching means estab- 
lishes, when the sensing means senses a, state that 
x the casing is folded, the matching state based on the 
r . state in which the antenna is accommodated in the 
casing. . . . ... y . 

30 , . Accopding..tq e the present invention, when the 
sensing means senses the folded state of the casing, 
the variable matching, means changes the matching 
t state £etw£en, the radio circuit arid, the antenna in as- 
, , spciation vyith the contour of the casing based on the 
35 tf sensing result of the sensing m$ans. 

-Mprepyer, in a case iW^ere the antenna can be ac- 
commpdated in the casing, when a portion of the cas- 
,, ing is folded, : thp variable matching -means estab- 
, j Jishes the antenna matching in, a state where the an- 
40 tenna is acqommodated in the casing. In (Contrast 
, { thpr^to, when the .portion of the casing is not folded, 
PE , { the yariabJe match^ig means sets the antenna match- 
ing in a state where the antenna is not accommodated 
. in the= casing. . , r ^ ( 

45 - , That is, ifj, a case where the shape of the casing 
: varies w^ien. the portion, of the casing is folded, the 
.matching state ;is alte.red according to the folded state 
. of. the casing. * , - , ~ .- ^ - 

so B.RIEF : PESCRIPTI0N OF THE DRAWINGS 



; - t The objects and features of the present invention 
t will become more apparent from th$ consideration of 
, the following detai^d description taken ip conjunction 
. with the accompanying drawings in which: r i 

Fig. 1 is a schenpatic perspective view-showing a 
.. ; J unfolded state of^ portable.radio apparatus in an 
j n embodiment in accordance with the present ln- 
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( 1 ! - Fig. '2 is a p6^fS><Bctive view schematically show- 
' t; ingf a ifo!de l d state of the apparatus^bf Fig" i; 
' ; ' v Fig. 3 is a~a7agram s'6hem*a\ically showing trie cir- 
cuit constitution of an example of a matching cir- 
buit iadopted In thg 'apparatus 6f Fig. 1 ; 1 ' 
; ; Fig. 4?s a diagram showing the Circuit constitution 
r - of another example of a matching circuit adopted 
:>i in the apparatus of Fig. 1; ' '! * 

" r ' Fig. 5 is a perspective view showing the folded 
state of the apparatus of Fig. 1; " * iU 
' Fig. 6 is a perspective view showing the appara- 
tus of Fig. 1 in the unfolded state; ' ' 
Pig. 7 is a perspective view showing a portable ra- 
dfo apparatus in dri'alternativl^embodirrtefit ac-' ' 
cording to the present invention; "arfd 
Fig. 8 is^a perspective view showiW§ the appara- . 
' tus bf Fig: 7 In a sfeite whfe?6 T an : ^ntehna is accom- 
modated in a casing thereof. * ,f t; ' '* 

6ESCR1PTION OF THE PREFERRED 

v EMBODIMENTS** v ' jVu ' ;J * y 

■-:;:"■£ ,n g *c j «mi -V< 

Referring now tb the drawing^, description will be 
giv^rVof an 'etnbbdiment accbrdihg fo the present in- ; 
^verition. ? - : ' x ' ' ' s v ; ^ 

■ 3 ; 1 Fig. 1 is a*sid& vPew, partially 'in a schematic view, 
showing a portable rdd to apparatus in an embodiment 
according to the present invention. c ' lV! 

1 In this diagram, on an up'p'ef surface of upper 
casing 10, the're is disposed a refracteble'aridSextend- 
»■ able antenna 20 fitted therewith: At me bottom end of 
the upper casing 1 f0 t a lower cdsin^40 Slihked by use 
bf a hinge 30. The upper'and lower casings 16 and 40 
are rotatable about thd hinge 30 by 1 80^;* ttteretSy im- ' c 
plerhenting a foldable ahd ; unfdld^bl6 j sthjcture. 

Inthe upper casing 10, therein accommodated a 
transmitting and receiving 'drouit fl*; which is fh Wn 
connected via an impedance mdtdhing circuit Wi2 to 
the antenna 20. Moredver, the mateftfrig circuit 12 is 
connected t6 a switching element "l^^rfan^'ed on the 
'*< ' ? upper <tesing *f Ofln thS'swrtcrffrfg rfctemeVOVwhen 
the apparatus Is folded Le'; wnen the ujiper c3s^ 10 
is turned about the hinge 30 to be placed'Oh the Idwer 
■• casirtg 40'^as shown irVFig.-2; a ^VojSdtib'n 13a is ' " 
1 brought into dorttact with a surfade of* the lower dasing 
^ffo be resultarrtiy depressed. This causes the connec- 
tion state of the electric path of the matching circuit 12 
to be varied as shown in Fig. 3 or 4. 

The*rfiStching Circuit 12 Includes coils L1 or*L2 0 
and L3 and capacitors C1 to C3 or C4 and C5 as 
'shown in Fig. 3 v 6r4. Wrten thie' projection 1 3a is de- 
• pressed, the switching element 13 is set to thie state 
indicated by a solid line; whefeasvwhen the projection 
13a is not depressed, the switching unit 13 is seft to a : 
i stale denoted by a double-dot- and dash line. 
: « »• '''The capacitance of capacitor C2 is selected so 
that the* impedance of matching circuit 12 makes the 



antenna 20 and the circuit 1 1 impedance match with 
eaqh other in the unfolded state of the casing. The ca- 
pacitance of capacitor C3 is, oh the other hand, se- 
lected so that the impedance of matching circuit 12 
5 makes the antenna 20 and the circuit 11 impedance 
match with each other in the fpjde<d>5tate pf .the. casing 
and in the refracted state of antenna 20 in the upper 
casing 10. . 

Furthermore, an earpiece speaker 14 is disposed 
10 in the upper casing 1 0, whereas a mouthpiece mjpro- 
phone 41 is arranged in the lowers 
'^speaker 14 spd micrpprione M are ^electrically pon- 
'necfed with the transmitting and receiving pirpuit 11, 
respectively. , , 4 , 

15 Subsequently, description will be given of the op- 

^eratidn to^be achieved by the embodiment thus con- 
_ figured. , * >'iv.-! ' 

° ' ! In a cair waiting ! sta^ ancl.'lp^^caS' 
( l<: in^s'l0 1 and £6 are )[n the folded state f such that the 
20 f proj^Ydii 13a'of tfte switching element 13 is brought 
into contact with the lower casing'4u\ thereby setting 
elecfrjcpia^h' of thie matefiing circuit 1*2 tq the state 
^si^nated ^>he sdl^d ijr^f 1 ^ 1 F^'S-qr^' 1 " 
Irt^is r ^ate, f na™ 
25 ; into tHe shape aWshbwpjn of 
" l the intehhS 5id J is establishecf fer the transmitting and 

receiving cirpuit 11. 
r " " "iWtontrMst WerewitrV, When the casing 40 is un- 

* ' r fild&d;as k shbwhlri l^ r . 6, the 13a of the 
30 switching uriit i: l'3( is Separated from casing 

,f 40 iand henfce the^eiecfriVcTCuit path of the matching 
" 1 ' circuit' 1*2 Is^t to the siate designajted by the ciouble- 

5 '^pt-ali^^hline^ when the ap- 

" r f par|iftfe is' jn the* unfolded' sfeW, the matching of the 
35 * MhteWiia STj^caan '*b<& 1 esl&bllsftekiVfor the transmitting 

Moreover, ^in. a case where trip antenna 20 is re- 
: ' "'■ ^dfebia^nd e>ct6 n^abVd^ so that the 

y sfnteHrfa Srf is°a'^i^mod^ 10 
40 WshbwA'in Fig?8 when f he apparatuses ^ 

• ^ v tHein^rin<is 6r^inaril^c6r)^ 

' 's'tate, th'e rrtatching d'f the f ntenna $0 is faybr^iy es- 

tablisfred fen sis^urnptioh 'thVt 
1 ^comrntfdaited'iri thW upper dosing 10' when tffe'projec- 
45 ' troh iWof ihe iswitphihg urfft 1 3 is : birbugfi^into ^hiact 
' With the! lower casing 40! : * " ; ' 

1 ,t! As described above, in the port^ibliB iradfo appa- 
ratus embodying the ^reVeht ihvehtipn'/tHe^ 
' state of the antenna altered in association with the 
so lK variation ih tM'e Contour of the apparatus and 
1 c^ri b^ keptfeferney bM m 
in the operating state. ' ^ ( : '\\ 

; V\nSile the present invention' has' feeen^ 
with* ' reference; to fhli r fJatticufaY 'iMu^ 
55 * merits, it is rtptWbe restrtcrt^d^y^ 

*' but onf^ bV th^' appended d It is M tp*be appr^ci- 
'ated'that those skilled in the airt can change br mbdify 
' ; thet embodiments 1 without departing frdm^he scope of 
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the present invention. 



Claims 



8. 



1. A portable radio apparatus having an antenna 
and a foldable casing accommodating therein a 
radio circuit, said apparatus comprising: 

variable matching means for establishing 
a matching between said radio circuit and said 
antenna; and 

sensing means for sensing a folded state 
of said casing, ; - 

said variable matching means altering a 
matching state between said radio circuit and 
said antenna depending bn the sensing result of 
said sensing means. : ; " } 
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A portable radio apparatuses claimed in clajrn 1, 
wherein said sensing means comprises means 
for detecting whether or not said casing is folded 
to produce sSid sensing result. 

A portable r$<jio apparatus as claimed in claim 1 1 
wherein said casing includes an upper casing, a 
lower casin^Pand a hinge rotatable linking said ' 
upper casing, with said lower casing, whereby s 
said casing fs jfoldable and unfoldpble. / / /' 

A portable radio apparatus as claimed in claim 3, 
wherein said sensing means comprises switching 
means disposed in either one of/said upper and 
lower casings, v ^ 

said switching m$ans being depressed, 
when said casing is folded, by the surface of the 
other of said upper and16Wer casjngs, thereby al- 
tering the impddance of said Variable matching 
means. \ 
\ \ 

A portable radi^ apparatus as claimed in claim 3, 
wherein said upper and lower casings accommo- 
date an earpiede speaker and a mouthpiece mi- 
crophone, respectively. 
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A method of impedance matching an antenna of 
a portable radio apparatus and a radio circuit of 
same, comprising the steps of: 

accommodating said radio circuit into at 
least one of first and second casings of said ap- 
paratus, said first and second casings being fold- 
able and unfoldable; 

detecting the folded or unfolded state of 
said first and second casings; and 

responsive to the result of said detecting 
step, changing impedance between said antenna 
and radio circuit so that they impedance match 
with each other. 
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6. A portable radio apparatus as claimed in claim 2, 45 
wherein: 

said antenna is accommodated in said 
casing; and i 

said variable matching means establishes, 
when said sensing means senses a state that so 
said casing is folded, the matching state based on 
a state in which said antenna is accommodated 
in said casing. 



7. A portable radio apparatus as claimed in claim 4, 
wherein said variable matching means includes a 
coil, capacitors, and a switch. 
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12: MATCHING CIRCUIT 



20: ANTENNA . 
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